SUMMARY. Foliar fertilization efficiently meets the nutrient demand of tree fruit crops during periods when soil conditions (low or high temperatures, low or excess soil moisture, pH, salinity) render soil-applied fertilizers ineffective, when nutrients (e.g., phosphate, potassium, and trace elements) become fixed in the soil, and when tree nutrient demand is high. Applying nutrients directly to leaves ensures that the metabolic machinery of the tree is not compromised by low availability of an essential nutrient. It should be noted that phloem mobile nutrients applied to the foliage are translocated to all tree parts, even feeder roots. Because foliar application of fertilizers can reduce nutrient accumulation in soil, runoff water, surface water (streams, lakes, ocean), and groundwater (drinking water supply), where they contribute to salinity, eutrophication, or nitrate contamination, with negative consequences to the environment and humans, it is highly desirable to replace soilapplied fertilizers at least in part with foliar-applied fertilizers. However, not all nutrients are taken up through leaves and, even if taken up, some nutrients are not phloem mobile. In addition, although foliar fertilizer rates are typically lower than soil fertilizer rates, application can be more costly. The goal has been to time the application of foliar fertilizers to key stages of citrus (Citrus sp.) and avocado (Persea americana) tree phenology when demand for the nutrient is likely to be high and especially when soil conditions are likely to compromise nutrient uptake by roots. This approach has proven successful for increasing yield, fruit size, and grower income even when the tree is not nutrient deficient by standard leaf analysis. Winter prebloom foliar-applied low-biuret urea was previously documented to increase total yield of both navel and 'Valencia' oranges (Citrus sinensis). Adaptation of this treatment to 'Nules' Clementine mandarin (Citrus reticulata) increased the yield of commercially valuable size fruit in two experiments. Foliar application of boron or low-biuret urea to 'Hass' avocado trees at the ''cauliflower'' stage of inflorescence development increased total yield; potassium phosphite applied at this stage of tree phenology increased the yield of commercially valuable size fruit. F oliar fertilization is a rapid and efficient way to improve crop nutrient status during periods of high nutrient demand in the phenology of a tree crop, or when soil conditions (cold wet soils in spring, hot dry soils in summer, lack of precipitation under rainfed conditions, salinity, pH) during the growing season render soil nutrients and hence soil-applied fertilizers less available to the plant. Foliar fertilization provides the nutrients required for photosynthesis and other important metabolic functions to prevent restrictions in carbon fixation, metabolism, and plant productivity. Even a transient or incipient deficiency needs to be corrected quickly. The longer the nutrient status of the tree remains at the low end or below the optimal range at key stages of phenology, the greater the negative effects on yield, fruit size, quality, and next year's bloom.
A priori knowledge (research) is necessary to develop a foliar fertilization program for a crop. Not all nutrients are taken up through leaves and, even if taken up, some nutrients are not phloem mobile. For deciduous fruit crops, reproductive growth commences before vegetative shoot extension and leaf expansion. Thus, foliar fertilization strategies at early stages of tree phenology, by default, target reproductive structures, which are typically small. Many crop plants have a thick waxy cuticle known to compromise uptake of some foliar-applied nutrients once the leaves mature (Kallsen, 2007) . For foliar fertilization to be cost effective, the applied nutrient must be taken up by the leaves of the crop, or other target organs, and be phloem mobile. Foliar fertilization with nutrients meeting these criteria are 5 to 30 times more efficient than soil fertilization, depending on the nutrient, crop, and soil in which the crop is growing (PureGro Co., n.d.). Foliar fertilization can save the grower money over soil fertilization because the amount of a nutrient applied to the foliage is significantly lower than the amount that must be applied to the soil to achieve the same yield (PureGro Co., n.d.) . The cost of foliar fertilization is frequently associated with application cost. However, by properly timing the application of foliar fertilizers to key stages of crop phenology when nutrient demand is likely to be high or when soil conditions are known to restrict nutrient uptake, a yield benefit and net increase in grower income has been achieved, typically with only one application, for both evergreen and deciduous tree fruit crops, including citrus (Albrigo, 1999; Ali and Lovatt, 1994; Boman. 2002) , avocado (Jaganath and Lovatt, 1998; Lovatt, 1999) , banana [Musa sp. (Kumar and Kumar, 2007) ], date palm [Phoenix dactylifera (Khayyat et al., 2007) ], mango [Mangifera indica (Saran and Kumar, 2011) ], olive [Olea europaea (Talaie and Taheri, 2001) ], apple [Malus domestica (Štampar et al., 1999; Stover et al., 1999; Wargo et al., 2003; Wojcik et al., 2008) (Son et al., 2012) ].
Replacing soil-applied fertilizer with foliar-applied fertilizer contributes to fertilizer best management practices and reduces the potential for accumulation of nutrients in soil, runoff water, surface water (streams, lakes, and the ocean), and groundwater (drinking water supply), where they can contribute to salinity, eutrophication, and nitrate contamination in the case of nitrogen (N), all of which have serious consequences on human health and the environment. With less water of good quality available to leach accumulating nutrient (fertilizer) salts from orchard soils, cost-effective foliar fertilization strategies that replace a portion of the fertilizer applied to the soil will contribute to the sustainability of the tree-fruit industries.
The goal has been to identify the role that essential nutrients play in the physiology of a tree crop and then to apply that nutrient as a foliar fertilizer at the appropriate time in the phenology of the tree; i.e., a time when the demand for the nutrient is likely to be high, to stimulate a specific physiological process that increases yield, fruit size, or fruit quality. With this knowledge, foliar application of a fertilizer can result in a net increase in grower income, even when the tree is not deficient in the nutrient by standard leaf analysis (Lovatt, 1999) . For sweet orange cultivars, a single winter prebloom foliar application of low-biuret urea (50-54 lb/acre, 46% N, £ 0.25% biuret), at about the initiation of floral organogenesis (Lord and Eckard, 1987) , increased flower number and total yield per tree and juice total soluble solids (TSS) of 'Valencia' juice orange trees in Florida (Albrigo, 1999) . This treatment also increased total yield and yield of commercially valuable size fruit (2.7-3.1 inches transverse diameter) of the 'Washington' navel grown in California for the fresh fruit market (Ali and Lovatt, 1994) . In addition, winter prebloom foliar-applied phosphite (0.5 gal/acre, 0N-17.5P-0K) increased 'Valencia' orange floral intensity, total yield, and pounds solids per tree (Albrigo, 1999) . Foliar application of low-biuret urea or potassium phosphite (0.49 gal/acre, 0N-12.2P-21.6K) at maximum peel thickness, which marks the end of the cell division stage in citrus fruit development, significantly increased the yield of commercially valuable large fruit (2.7-3.5 inches transverse diameter) of 'Frost nucellar' navel orange (Lovatt, 1999) . Due to the poor uptake of foliar-applied fertilizers by leaves of 'Hass' avocado under Californiagrowing conditions, bloom was targeted. Low-biuret urea (50-54 lb/ acre, 46% N, £ 0.25% biuret) and boron [B (1.4 lb/acre B as sodium tetraborate)] applied at the cauliflower stage of inflorescence development, about the time of gametogenesis (pollen, ovule, and egg formation) (SalazarGarcía et al., 1998) , increased ovule viability and the number of pollen tubes penetrating the ovule, respectively. There was a concomitant increase in total yield in response to both the foliar urea and boron fertilizer treatments (Jaganath and Lovatt, 1998; Lovatt, 1999) . It is important to note that, unlike apple (Stover et al., 1999) and date palm (Khayyat et al., 2007) for which a combined bloom spray of urea plus boron increased yield, for avocado the combined treatment increased the number flowers with multiple carpels and had no effect on yield (Jaganath and Lovatt, 1998; Lovatt, 1999; S. Salazar-García, personal communication) .
In the decade since this research was published, alternate bearing has become a significant economic problem that negatively impacts both citrus, especially consumer-popular seedless mandarin cultivars, and avocado production both in California and globally. Alternate bearing is typically initiated by the loss of crop because of a climatic event, which is then followed by a heavy on-crop 1 to 2 years later, depending on how long it takes the trees to recover. The alternating high yield on-and low-yield off-crops become entrained because of the inverse effect of the number of fruit in the developing crop on the number of inflorescences produced the next spring (Lovatt, 2010; Verreynne and Lovatt, 2009 ). In the on-crop year, there is a high proportion of small-size fruit with reduced commercial value. In contrast, fruit size is good in the off-crop year, but there are too few fruit to provide the grower with an adequate income. Foliar fertilizer treatments that could increase fruit size during a heavy on-crop year or increase flower number and fruit set during a light off-bloom year in an alternate bearing orchard would be of economic value to growers.
The efficacy of a winter prebloom foliar application of low-biuret urea to increase yield and fruit size in off-and on-crop years, respectively, of an alternate bearing 'Nules' Clementine mandarin orchard was determined. In addition, the effect of spring (2/3 leaf expansion or 10% anthesis) foliar applications of boron and zinc were tested based on their positive effects on fruit set and yield, most notably when low soil temperatures in spring would compromise uptake of soilapplied fertilizers (Batjer and Thompson, 1949; Brown et al., 1995; Gonzalez et al., 2010; Jaganath and Lovatt, 1998; Khayyat et al., 2007; Lovatt, 1999; Saran and Kumar, 2011; Sotomayor et al., 2002; Stover et al., 1999; Wells et al., 2008) . To increase mandarin fruit size, three foliar applications of potassium nitrate (during ectodormancy, post-bloom, and exponential fruit growth) were tested (Boman, 2002) . In light of the efficacy of potassium phosphite in increasing yield and fruit size of citrus cultivars (Albrigo, 1999; Lovatt, 1999) , potassium phosphite and potassium phosphate, for comparison, were applied to cauliflower stage inflorescences of on-and off-bloom 'Hass' avocado trees. Foliar applications were compared with soilapplied phosphate to determine their capacity to increase fruit set and fruit size. The effects of these foliar fertilizer treatments on yield and fruit size have been published in part (Gonzalez et al., 2010; Zheng et al., 2013) , but the data were not analyzed in the context of alternate bearing. Alternate bearing has been documented to influence results obtained with foliar-applied fertilizers; treatments increased yield in the on-crop year, which exacerbated the off-crop year of apple (Izadyar et al., 1998) . In light of this and recent research showing that plant growth regulator treatments were effective in only off-or on-crop years of alternate bearing Clementine mandarin (Chao et al., 2011) and 'Hass' avocado orchards (Garner et al., 2011) , respectively, it is critical to determine the effect of crop load on the capacity of properly timed foliar fertilizers to increase yield or fruit size.
Materials and methods
MANDARIN. 'Nules' Clementine mandarin trees, 6 years from budding onto 'Carrizo citrange' rootstock ['Washington' navel orange (C. sinensis) · Poncirus trifoliata] were used in the research. The trees were in a commercial orchard in Fresno, CA (lat. 36°N, long. 119°W). The experimental design was a randomized complete block with 16 individual tree replications per treatment, which included: 1) N (23 lb/acre N as urea, 46% N, 0.25% biuret) prebloom in January; 2) B [1.3 lb/acre B as Solubor Ò (US Borax, Greenwood Village, CO), 20.5% B] at 2/3-leaf expansion in April and 3) at 10% anthesis in the southwest tree quadrant in late April-early May; 4) zinc (Zn) [81 lb/acre Zn as zinc sulfate (ZnSO 4 ), 36% Zn] at 2/3-leaf expansion and 5) at 10% anthesis in the southwest tree quadrant; 6) potassium (K) [25 lb/acre potassium nitrate (KNO 3 )] during ectodormancy (February), postbloom (75% petal fall in the northwest tree quadrant, late May) and exponential fruit growth (July); and 7) untreated control, receiving no foliar application. Foliar fertilizers were applied to the foliage with a 400-psi handgun sprayer in 200 gal/acre of water, adjusted to pH 5.5. The wetting agent (Silwett L77 Ò ; General Electric, Greeley, CO) was added to the Solubor Ò and ZnSO 4 solutions to a final concentration of 0.05%. All trees received grower standard soil-applied fertilizer. At annual harvest in December, yield (pounds and number of fruit per tree) was determined. Subsamples of fruit were randomly selected from each of the 50-lb bins of fruit harvested per tree so that each bin was equally represented in the subsample. A subsample of 100 fruit per tree was used to determine fruit diameter and fruit weight to calculate fruit size distribution. Fruit quality (peel thickness, percent juice, percent TSS, percent acidity, and TSS:acid ratio) was determined in a subsample of 25 fruit per tree by the University of California Lindcove Analytical Laboratory. Fruit were mechanically juiced with a commercial juice extractor; TSS concentration was determined with a refractometer; and percent acidity was determined by titration to pH 8.2 ± 0.1 with 1 M sodium hydroxide. The experiment was conducted for 2 years (consecutive).
AVOCADO. Eleven-year-old 'Hass' avocado trees, on 'Duke 7' clonal rootstock (P. americana var. drymifolia) in a commercial orchard in Somis, CA (lat. 34°N, long. 119°W), were used in a randomized complete block design with 20 individual tree replications per treatment. Treatments included: 1) control-soil-applied potassium phosphate [10.0 lb/acre as phosphorus (P) and 19.1 lb/acre as K]; 2) foliar-applied potassium phosphate (4N-7.7P-14.9K, 0.7 lb/acre as P and 1.3 lb/acre as K); and 3) foliarapplied potassium phosphite [0N-12.2P-21.6K (Nutra-Phite Ò ; Verdesian Life Science, Cary, NC), 0.7 lb/acre as P and 1.25 lb/acre as K]. All treatments were applied at the cauliflower stage of inflorescence development (about March). Foliar fertilizers were applied in 200 gal/acre of water (pH 5.5) with a 400-psi handgun sprayer. All trees received grower standard soil-applied fertilizer. In California, 'Hass' avocado fruit are harvested 10 to 18 months after bloom, when two separate crops are on the tree. Thus, each crop was treated at bloom and again as a nearly mature fruit before being harvested. At annual harvest in June, total yield (pounds and number of fruit) per tree was determined. A subsample of 100 fruit per tree, collected as described above, was used to determine fruit weight to calculate fruit size distribution. A subsample of two fruit per tree were ripened at 18 to 21°C; external fruit quality was evaluated for abnormalities and discoloration and internal fruit quality was evaluated for stem-end decay, gray spot and vascularization (presence of vascular bundles and associated fibers). Fruit quality parameters were rated on a scale from 0 (normal) to 4 (high incidence of abnormalities, discoloration, stem-end decay, gray spot, or vascularization). The experiment was conducted for 3 consecutive crop years (4 calendar years).
ALTERNATE BEARING INDEX. To determine treatment effects on alternate bearing, the alternate bearing index (ABI) was calculated for each data tree for consecutive harvests using the following equation: ABI = (Year 1 yield -Year 2 yield)/(Year 1 yield + Year 2 yield) in which yield was defined as total number of fruit per tree. ABI ranges from 0 (no alternate bearing) to 1 (complete alternate bearing) (Pearce and Dobersek-Urbanc, 1967) .
STATISTICAL ANALYSIS. Repeatedmeasures analysis was used to test for treatment effects on yield parameters and fruit quality with year as the repeated measure. Analyses were performed using the SAS statistical program (version 9.2; SAS Institute, Cary, NC). Analysis of variance was used to test for treatment effects on all yield parameters for a specific year and for cumulative yield and ABI. Means were separated using Fisher's protected least significant difference test at P £ 0.05. Note that for cumulative yields, a missing datum point for a tree in any year excluded all data for that tree from the statistical analyses.
Results

MANDARIN.
The ABI for the two crop years was 0.25. Only when ABI exceeds 0.5 is alternate bearing considered an economic problem. The winter prebloom foliar application of low-biuret urea significantly increased the 2-year cumulative yield of commercially valuable size mandarin fruit (2.3-2.4 inches transverse diameter) as number (P = 0.020) and pounds of fruit per tree (P = 0.020) ( Table 1) . The effect was due to a significant increase in the number (P = 0.027) and pounds (P = 0.028) of larger fruit per tree in the lower-yielding year and a numerical but nonsignificant increase in the yield of larger size fruit in the higher-yielding year (>1000 fruit per tree) (data not shown). No other foliar-applied fertilizer treatment increased fruit size, although boron applied at 2/3 leaf expansion increased the number and pounds of commercially valuable size fruit per tree to a value intermediate to the winter prebloom foliar application of urea and the control trees receiving only soil-applied fertilizer. Foliar fertilizer treatments had no effect on the number or pounds of fruit in any other packing carton size category. Trees receiving winter prebloom foliarapplied urea produced the greatest total number and pounds of fruit per tree in both years of the research, but the difference was not significantly greater than the untreated control trees in either year or as 2-year cumulative total yield (Table 1 ). There were no treatment effects on ABI.
Consumers prefer fruit with a TSS:acid ‡ 12. Fruit from trees in all treatments had TSS:acid > 14.0 in Year 1 and > 17.5 in Year 2. Winter prebloom foliar-applied urea and Zn at 10% anthesis tended to increase fruit TSS:acid annually. When averaged across years by repeated-measures analysis, these foliar fertilizer treatments resulted in fruit with significantly greater TSS:acid (>17.0) than fruit from trees treated with foliarapplied B at 2/3 leaf expansion (TSS:acid = 15.9) (P = 0.086) (data not shown). Foliar-applied fertilizers had no significant effects on other fruit quality parameters in a given year or when averaged across years.
AVOCADO. For avocado, alternate bearing in the research orchard was severe. The average ABI for the three consecutive crops was 0.88. No foliarfertilizer treatment significantly changed the ABI. Foliar application of potassium phosphite at the cauliflower stage of inflorescence development significantly increased the 3-year cumulative yield of commercially valuable size fruit (6.3-11.5 oz) as number (P = 0.021) and pounds of fruit per tree (P = 0.007) ( Table 2 ). In addition, foliar-applied potassium phosphite increased the 3-year cumulative yield of larger size fruit (7.5-12.5 oz) as both number (P = 0.017) and pounds of fruit per tree (P = 0.014) by 66 fruit and 33.2 lb, respectively, compared with untreated control trees. When averaged across the 3 years of the experiment by repeated-measures analysis, foliar-applied potassium phosphite increased the yield of commercially valuable size fruit as pounds, but not number, of fruit per tree (P = 0.070). This provides evidence that the treatment increased fruit size, not fruit set, and that the effect was independent of the large differences in annual crop load (fruit number per tree) in the severely alternate bearing orchard. Despite a significant increase in the yield of larger size fruit, foliar-applied potassium phosphite did not significantly increase 3-year cumulative total yield as number or pounds of fruit per tree (Table 2 ). There were no significant effects attributed to fertilizer treatment on any fruit quality parameter analyzed in any year of the experiment.
Discussion
The results obtained in this research confirmed the efficacy of a winter prebloom foliar application of low-biuret urea to increase fruit size of 'Nules' Clementine mandarin (Gonzalez et al., 2010) . The effect is consistent with the benefit of this treatment on the fruit size of the 'Washington' navel orange (Ali and Lovatt, 1994) . In contrast to 'Washington' navel and 'Valencia' orange, the winter prebloom foliar application of urea did not increase total yield of 'Nules' Clementine mandarin trees in either experiment. The two experiments with 'Nules' Clementine mandarin were conducted in areas of Table 1 . Effect of foliar fertilizers applied at key stages of 'Nules' Clementine mandarin tree phenology on 2-year cumulative total yield and yield of commercially valuable size fruit. Application times refer to the following phenological stages: January, prebloom; February, dormancy; April, 2/3 leaf expansion; late April-early May, 10% anthesis; late May, 75% petal fall; and July, exponential fruit growth. Control trees received no foliar treatment. All trees received the grower standard soil-applied fertilizer.
Foliar treatment
Application time z Mean values within a column followed by different letters are significantly different at the probability value specified by Fisher's protected least significant difference test. y 1 inch = 2.54 cm, 1 lb = 0.4536 kg.
x Adapted from Zheng et al. (2013) . z Mean values within a column followed by different letters are significantly different at the probability value specified by Fisher's protected least significant difference test. y 1 oz = 28.3495 g, 1 lb = 0.4536 kg.
x Adapted from Gonzalez et al. (2010) .
• October 2013 23 (5) California with different microclimates and provided evidence that the optimal time of application was different, December in the area with the milder winter (Gonzalez et al., 2010) and January in the colder area (this study). In both experiments, the winter prebloom foliar application of urea had a significant effect on fruit size only when the crop load was less than 1000 fruit per tree. This result is consistent with recent research showing that gibberellic acid (GA 3 ) was effective only in the low-yield year (less than 1000 fruit per tree) of an alternate bearing Clementine mandarin orchard (Chao et al., 2011) . The effect of crop load on the response of Clementine mandarin to foliar fertilizer and GA 3 treatments is likely due to the differences in the number of flowers produced at bloom in the lower and higher yield years. The intense bloom resulted in a large number of fruit being set, with or without foliar-applied urea or GA 3 , which likely saturated the carrying capacity of the trees, making it difficult to enhance fruit set further. This is consistent with previous findings showing that yield is dependent largely on the initial number of flowers at bloom (Chao et al., 2011; Hanke et al., 2007) . With so many fruit per tree competing for resources in the on-crop year, increasing fruit size proved difficult with foliar fertilizers (Gonzalez et al., 2010) and GA 3 (Chao et al., 2011) . In the light bloom year, the winter prebloom foliar application of urea had a positive, but not significant, effect on fruit set of 'Nules' Clementine mandarin, resulting in the greatest total yield as number of fruit per tree compared with all other treatments in both years of the experiment (not significant). The capacity of the treatment to increase yield of commercially valuable size fruit in the low-yield year was likely due to supplying nitrogen early in the season to support fruit growth at the cell division stage of fruit development. In this experiment, spring applications of boron or zinc at 2/3 leaf expansion or 10% anthesis did not increase fruit set or fruit size of 'Nules' Clementine mandarin. This is not surprising given that in most cases yield benefits were derived from applying boron and/or zinc to seeded fruit or nut crops (Batjer and Thompson, 1949; Brown et al., 1995; Jaganath and Lovatt, 1998; Khayyat et al., 2007; Lovatt, 1999; Saran and Kumar, 2011; Sotomayor et al., 2002; Štampar et al., 1999; Stover et al., 1999; Talaie and Taheri, 2001; Wargo et al., 2003; Wells et al., 2008; Wojcik et al., 2008) although boron might improve fruit size by increasing cell division (Waqar et al., 2009 ). For citrus, foliar fertilizers applied at the standard 2/3 leaf expansion stage (March) target a thin cuticle and large surface area and have been shown previously to achieve yields equal to soil fertilization (Embleton and Jones, 1974) .
Whereas potassium has long been known to increase fruit size of citrus cultivars, including mandarin cultivars (Boman, 2002) , multiple foliar sprays of water have been documented to reduce total yield and yield of commercially valuable size fruit of 'Nules' Clementine mandarin (Zheng et al., 2013) . The interaction between these positive and negative effects might explain why the trees receiving three applications of potassium nitrate produced fewer commercially valuable size fruit than trees receiving a single application of urea winter prebloom, but not significantly fewer than the control trees.
The cauliflower stage of inflorescence development of the 'Hass' avocado has previously proven responsive to foliar fertilizers (Jaganath and Lovatt, 1998; Lovatt, 1999) . Whereas a single application of boron or urea increased 3-year cumulative total yield per tree, with a significant effect on yield only in the on-crop year, in this experiment a single foliar application of potassium phosphite increased the 3-year cumulative yield of commercially valuable large fruit, with a significant effect only in the off-crop year (Lovatt, 1999) . However, repeatedmeasures analysis provided evidence of the tendency of phosphite applied at this stage of tree phenology to increase fruit size across all 3 years of the research. The physiological basis for the increase in fruit size in response to the bloom phosphite application was not investigated in this experiment. Research has shown that phosphite is more readily absorbed into plant tissues than phosphate, including citrus and avocado leaves that are notoriously impervious to phosphate, and that foliar applications of phosphite can replace phosphate in citrus and avocado through chemical oxidation or by the action of oxidizing bacteria and fungi associated with the leaves (Lovatt and Mikkelsen, 2006) . In addition, phosphite upregulates the shikimic acid pathway, which produces three essential amino acids; indole-3-acetic acid; salicylic acid; a broad spectrum of phenols, antioxidants, and other secondary metabolites; and lignin.
Taken together, the results of this research showed that properly timed foliar fertilizer applications successfully increased the yield of commercially valuable size fruit of 'Nules' Clementine mandarin and 'Hass' avocado in an alternate bearing orchard. For 'Nules' Clementine mandarin, a single winter prebloom foliar application of low-biuret urea increased the yield of fruit with transverse diameters between 2.3 and 2.4 inches by 13,200 fruit (2860 lb) per 200 trees per acre for 2 years. For 'Hass' avocado, a single foliar application of potassium phosphite increased the yield of fruit weighing 6.3 to 11.5 oz by 8140 fruit (4268 lb) per 110 trees per acre for 3 years. These results support the idea that specific nutrients applied to the foliage, including flowers, can efficiently meet crop nutrient demand and stimulate specific metabolic and physiological processes resulting in increased fruit set and/or fruit size and quality and grower income. The foliar fertilization strategies reported herein were cost effective and have the potential to reduce nutrient accumulation in the soil, runoff water, surface water, and groundwater. With the increasingly high cost of fertilizer, replacing soilapplied fertilizers in part with properly timed foliar fertilizers provides growers with a tool to reduce fertilizer use and expense while increasing yield and revenue and protecting the environment. 
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